Comparative analysis of phosphorylation of translational initiation and elongation factors by seven protein kinases.
Four initiation factors (eIF-2, -3, -4B, and -4F), previously shown to be phosphorylated in vivo, are each phosphorylated to a significant extent in vitro (greater than 0.3 mol of phosphate/mol of factor) by at least three different protein kinases. An S6 kinase from liver, an active form of protease-activated kinase II which modifies the same sites on S6 as those phosphorylated in vivo in response to mitogens, phosphorylates the beta subunit of eIF-2, eIF-3 (p120-p130), eIF-4B, and eIF-4F (p220). The Ca2+, phospholipid-dependent protein kinase phosphorylates eIF-2 beta, eIF-3 (p170, p120-p130), eIF-4B, and eIF-4F (p220, p25). The cAMP-dependent protein kinase significantly modifies eIF-4B and, to a lesser extent, eIF-3 (p130). Casein kinase I incorporates phosphate only into eIF-4B, but to a limited extent. Casein kinase II phosphorylates eIF-2 beta, eIF-3 (p170, p120), and eIF-4B, while protease-activated kinase I modifies eIF-3 (p170, p120-p130), eIF-4B, and eIF-4F (p220). The mitogen-stimulated S6 kinase from 3T3-L1 cells, activated in response to insulin, does not phosphorylate any of the initiation factors. There is no significant incorporation of phosphate into eIF-2 alpha or -gamma, eIF-4A, eIF-4C, eIF-4D, EF-1, or EF-2 by any of the protein kinases examined. Phosphopeptide mapping of tryptic digests of the phosphorylated subunits shows that the individual protein kinases modify different sites. The sites phosphorylated in vitro reflect those modified in vivo as shown with eIF-4F in concomitant studies with reticulocytes treated with tumor-promoting phorbol ester (Morley, S.J., and Traugh, J. A. J. Biol. Chem., in press). Thus, we have identified multipotential protein kinases which modify four initiation factors phosphorylated in vivo and have shown that phosphorylation of these translational components can be coordinately regulated.